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Description 

Background of the Invention 

Field of the Invention 

The present invention relates to an improved proc- 
ess for the co-production of propylene oxide and styrene 
monomer and especially to improved recovery of valua- 
ble 1 -phenyl ethanol and styrene from heavy residual 
process streams by acid treatment and cracking. 

Description of the Prior Art 

An extremely successful process for the co-produc- 
tion of propylene oxide and styrene monomer involves 
the molecular oxygen oxidation of ethyl benzene to form 
ethyl benzene hydroperoxide, the catalytic reaction of 
the hydroperoxide with propylene to form propylene ox- 
ide and 1 -phenyl ethanol, and the dehydration of the 
1 -phenyl ethanol to styrene monomer. The basic patent 
describing this process is U.S. Patent 3,351,635. 

In practice of the process, various distillation steps 
are employed in order to separate unreacted reagents 
as well as various product streams, and generally one 
or more caustic treatment steps are employed in order 
to reduce the acidic characteristics of various streams. 

In commercial practice of the propylene oxide-sty- 
rene monomer process there is formed a heavy residue 
stream containing, as a result of one or more caustic 
treatments, relatively high levels of sodium compounds. 
Heretofore, such heavy residue has comprised a low val- 
ue product stream suitable only for use as a low grade 
fuel. 

Brief Description of the Invention 

In accordance with the present invention, a process 
is provided whereby the low value product stream is up- 
graded and valuable products are recovered therefrom. 

US-A-4273622 describes a process for the recovery 
of monomer from the polymeric by-products formed dur- 
ing the preparation of styrene by the dehydration of 
a-methylbenzylalcohol (1-phenylethanol). The mono- 
mer is recovered by distillation. The publication does not 
address the recovery of styrene from the low value heavy 
residue stream formed during the reaction of ethyl ben- 
zene hydroperoxide with propylene to form propylene 
oxide and 1 -phenyl ethanol. 

Chemical Abstract 94:31 284r addresses this latter 
problem and proposes heating the residue at 170 to 
220°C and under vacuum to obtain a distillate fraction 
from which the styrene is recovered. 

The process of the invention involves treating the 
low value stream with aqueous acid and phase separat- 
ing the resulting mixture into an aqueous phase contain- 
ing most of the sodium previously associated with the 
low value stream and an organic stream phase having 



reduced sodium content and which can be converted to 
styrene. 

Thus, according to the present invention, there is 
provided a process for the co-production of propylene 
5 oxide and styrene monomer wherein ethyl benzene is 
oxidized to ethyl benzene hydroperoxide, said hydroper- 
oxide is reacted with propylene to form propylene oxide 
and 1 -phenyl ethanol, unreacted propylene, propylene 
oxide and 1 -phenyl ethanol are separately recovered by 
io distillation leaving a heavy residue containing sodium 
and oxygen-containing organic materials formed in the 
process, and the 1 -phenyl ethanol is dehydrated to sty- 
rene monomer, characterised in that the said heavy res- 
idue is admixed with aqueous acid, the resulting admix- 
es ture is phase separated into an aqueous sodium-con- 
taining phase and an organic phase having a reduced 
sodium content, and at least a portion of the organic 
phase having a reduced sodium content is converted to 
styrene monomer. 
20 The organic phase from the phase separation can 
be directly cracked at elevated temperature with the for- 
mation of 1 -phenyl ethanol and styrene or it can be 
passed to a wiped film evaporator where a volatile 
stream is separated and cracked to form 1 -phenyl etha- 
25 nol and styrene, the heavy stream from the evaporator 
comprising a useful fuel. 

Description of the Drawing 

30 The attached drawing illustrates in schematic form 
a practice of the invention. 

Detailed Description 

35 in a first reaction step, ethyl benzene is reacted with 
molecular oxygen at elevated temperature in accord- 
ance with known techniques to form ethyl benzene hy- 
droperoxide. U.S. Patent 4,066,706 provides a compre- 
hensive description of this reaction. 
40 Suitably, a small amount of alkali is incorporated in 
the oxidation mixture as provided in U.S. Patent 
4,262,143 in order to improve oxidation rate and selec- 
tivity. 

Ethyl benzene hydroperoxide is reacted with propyl- 
45 ene to form propylene oxide and 1 -phenyl ethanol. U.S. 
Patent 3,351 ,635 describes suitable conditions and cat- 
alysts for this reaction. 

The epoxidation reaction mixture is generally caus- 
tic washed and subjected to a series of distillations in 
50 order to separate mate rials contained the re in. Generally, 
the reaction mixture is first distilled to separate unreacted 
propylene overhead from heavier components. The sep- 
arated propylene is conveniently recycled to the epoxi- 
dation step. 

55 The heavier components are then further distilled af- 
ter caustic wash in a series of distillations to separate 
unreacted ethyl benzene which can be recycled, prefer- 
ably after a caustic wash as described in U.S. Patent 
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3,439,001 , product propylene oxide, and product 1 -phe- 
nyl ethanol leaving a heavy organic sodium-containing 
low value product stream. 

The 1 -phenyl ethanol stream is dehydrated to prod- 
uct styrene monomer in accordance with known proce- 
dures such as described in U.S. Patent 3,351 ,635. 

In accordance with the present invention, the sodi- 
um-containing low value organic product stream is treat- 
ed in order to upgrade the stream and to recover valuable 
products therefrom. 

In one embodiment, the low value product stream is 
thoroughly admixed with aqueous acid, preferably sulfu- 
ric acid, at relatively mild conditions, eg. 20-100°C, pref- 
erably 40-90°C. The resulting mixture is separated into 
immiscible phases, specifically an aqueous sodium-con- 
taining phase and an organic phase having reduced so- 
dium content. 

The organic phase has added thereto a compatible 
acid catalyst such as p-toluene sulfonic acid and the re- 
sulting mixture is cracked at elevated temperature to 
form 1 -phenyl ethanol and styrene monomer which prod- 
ucts can be separated by distillation from remaining 
heavy materials. Conditions for the cracking include tem- 
peratures of 70°C to 300°C, preferably 120°C to 220°C 
and pressures below atmospheric, eg. 13.3 to 53.3 kPa 
(100-400 m.m.Hg.) which are appropriate for vaporiza- 
tion of light materials. 

Product 1 -phenyl ethanol and styrene monomer 
from the cracking represent increased yields of desired 
products of the overall process. Also, the heavy materi- 
als from the cracking are useful as fuel. 

In another , more preferred practice of the invention, 
the organic phase from the acid treatment is subjected 
to a wiped film evaporation in order to separate up to 
about 40% by weight of the stream as volatile overhead 
fraction. It has been found that this overhead fraction can 
be passed directly to the 1 -phenyl ethanol dehydration 
step employed in commercial propylene oxide/styrene 
monomer processes wherein components of the volatile 
overhead are converted to styrene monomer at the con- 
ditions conventionally employed for the 1 -phenyl ethanol 
dehydration. 

The heavy bottoms from the wiped film evaporation 
is, itself, useful as an upgraded fuel by virtue of the low 
sodium content thereof. 

The acid employed in the heavy organic treatment 
is preferably sulfuric acid. Other less preferred acids are 
phosphoric acid, oxalic acid and the like. 

The acid is used in at least an amount sufficient to 
react with all of the sodium in the heavy organic stream. 
In the case of sulfuric acid, sufficient acid is used to form 
sodium sulfate, ie. 1 mol of sulfuric acid per mol of con- 
tained sodium, and preferably at least 2 mols sulfuric 
acid per mol of sodium are employed sufficient to form 
sodium bisulfate. Where other acids are used, equivalent 
amounts are employed. 

The invention can be described with reference to ac- 
companying Figure 1 which is a schematic representa- 



tion of a practice of the process. 

Ethylbenzene is fed to reactor 1 via line 2 and therein 
oxidized to ethylbenzene hydroperoxide by reaction with 
molecular oxygen which is introduced via line 3. The re- 

5 action mixture from reactor 1 comprised of unreacted 
ethylbenzene, ethylbenzene hydroperoxide, 1 -phenyl 
ethanol, acetophenone and heavies passes via line 4 to 
epoxidation reactor 5 wherein the ethylbenzene hy- 
droperoxide is catalytically reacted with propylene intro- 

10 duced via line 6 to form propylene oxide. 

The epoxidation reaction mixture is treated with 
aqueous caustic to neutralize acidic materials and to re- 
move the epoxidation catalyst (not shown) and the treat- 
ed epoxidation reaction mixture comprised of unreacted 

is propylene, propylene oxide, ethylbenzene, 1 -phenyl eth- 
anol, acetophenone and heavy materials passes via line 
7 to distillation zone 8. In distillation zone 8, an overhead 
mixture of unreacted propylene and product propylene 
oxide is separated via line 9. This mixture is subsequent- 

20 |y resolved (not shown) into an unreacted propylene frac- 
tion for recycle and product propylene oxide which is fur- 
ther purified by conventional means. 

A bottoms fraction comprised of ethyl benzene, 
1 -phenyl ethanol, acetophenone and heavies is re- 

25 moved from zone 8 via line 1 0 and passes to distillation 
zone 1 1 . An overhead ethyl benzene stream is separated 
from zone 11 via line 12 and can be recycled to oxidation 
zone 1. 

The bottoms stream from zone 11 comprised of 

30 1 -phenyl ethanol, acetophenone and heavies passes via 
line 1 3 to distillation zone 1 4. The overhead fraction from 
zone 1 4 comprised of 1 -phenyl ethanol and acetophe- 
none is separated via line 15 and passed to dehydration 
zone 1 6 wherein 1 -phenyl ethanol is converted to sty- 

35 rene monomer which is recovered via line 27. Unreacted 
acetophenone is separated and passed to a hydrogen- 
ation zone (not shown) for conversion of acetophenone 
to 1 -phenyl ethanol by known procedures, the 1 -phenyl 
ethanol being recycled to zone 1 1 . 

40 The bottoms stream from zone 14 passes via line 
17 to mixing zone 21 wherein it is mixed with aqueous 
sulfuric acid which is introduced via line 22. 

The admixture from zone 21 passes via line 23 to 
decantation zone 24 wherein the immiscible phases are 

45 separated. The aqueous sodium-containing phase is 
separated by means of line 25 and may be further treated 
or discarded. The organic phase substantially reduced 
in sodium is removed via line 26 and passes to wiped 
film evaporator 18 wherein up to 40% by weight of the 

50 stream is separated as a distillate fraction via line 19. 
This fraction contains various 1 -phenyl ethanol conden- 
sation products, some 1 -phenyl ethanol, esters and the 
like. In this embodiment, the distillate fraction passes to 
dehydration zone 1 6 wherein components of the distil- 

55 late are cracked and/or dehydrated to provide supple- 
mental styrene monomer values. The heavy bottoms 
from wiped film evaporator 18 is recovered via line 20 
and represents an upgraded stream suitable as heavy 
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fuel. 

Example 

The following example, which is described with ref- 
erence to the accompanying drawing, illustrates the in- 
vention. 

Ethylbenzene is introduced into zone 1 via line 2 at 
the rate of 1 21 5648 Kg/hr (2,680,000 ibs./hr) and therein 
is reacted with molecular oxygen introduced via line 3 at 
the rate of 22680 Kg/hr (50,000 Ibs./hr). Also contained 
with the molecular oxygen are inerts, primarily nitrogen, 
in amount of 74390 Kg/hr (164,000 Ibs./hr). 

Oxidation conditions in reactor 1 are 135-1 45° C and 
50-379 kPa gauge (55 psig); residence time is 1.45 nr. 

The liquid oxidation reaction mixture comprised by 
weight of about 59% ethylbenzene (EB), 35% ethylben- 
zene hydroperoxide (EBHP), 1.5% 1 -phenyl ethanol 
(MBA), 2.8% acetophenone (ACP) and 1.7% others 
passes via line 4 at the rate of 211831 Kg/hr (467,000 
Ibs./hr.) to epoxidation zone 5. Propylene is introduced 
into zone 5 via line 6 at the rate of 263088 Kg/hr (580,000 
Ibs./hr). 

In zone 5 propylene is catalytically reacted with 
EBHP in the presence of 22 ppm as molybdenum of sol- 
uble molybdenum compound catalyst at 95-1 15°C and 
41 37 kPa (600 psia), residence time being 1 .7 hr. 

The epoxidation reaction mixture passes from zone 
5 via line 7 at the rate of 498960 Kg/hr (1 , 1 00,000 Ibs./hr) 
and has a composition by weight of about 25% EB, 6% 
propylene oxide (PO), 48% propylene, 13% MBA, 2% 
ACP and 6% others. The epoxidation reaction mixture is 
treated with aqueous NaOH (not shown) to neutralize 
acidic materials and to remove the molybdenum catalyst. 
The treated mixture is decanted to separate an aqueous 
phase containing sodium and molybdenum compounds 
from the organic reaction mixture which contains about 
100-150 ppm Na by weight. The mixture passes via line 
7 to distillation zone 8 which actually represents a plu- 
rality of columns wherein various streams are separated 
by known means. Overhead components are removed 
via line 9 and comprise 27216 Kg/hr (60,000 Ibs./hr.) PO 
and 239501 Kg/hr (528,000 Ibs./hr.) propylene along with 
19505 Kg/hr (43,000 Ib./hr.) of other light compounds 
which are treated by conventional means. 

Bottoms from zone 8 passes at the rate of 222264 
Kg/hr (490,000 Ibs./hr.) via line 10 to distillation zone 11 . 

The bottoms stream in line 10 has a weight compo- 
sition of about 57% EB, 35% MBA, 5% ACP and 3% oth- 
ers. The total sodium content this stream is about 
112-169 ppm. 

Un reacted EB is distilled overhead at the rate of 
127008 Kg/hr (280,000 Ibs./hr.). Bottoms from zone 11 
is removed via line 1 3 at the rate of 92534 Kg/hr (204,000 
Ibs./hr.) and comprises by weight about 83% MBA, 10% 
ACP and 7% others which are mainly oxygenated aryl 
compounds. This bottoms stream contains about 
275-410 ppm by weight sodium. 



The bottoms stream from zone 1 1 passes via line 1 3 
to distillation zone 1 4 which actually comprises a plu rality 
of separate columns. MBA and ACP are separated over- 
head by conventional means at the rate of 67586 Kg/hr 
5 (1 49,000 Ibs./hr. ). The composition by weight of the over- 
head stream is about 87% MBA, 11% ACP and 2% oth- 
ers which are mainly oxygenated compounds. 

A heavy bottoms stream is removed from zone 14 
via line 17 at the rate of 3175 Kg/hr (7,000 Ibs./hr.). The 
heavies stream is primarily comprised of oxygenated aryl 
compounds with molecular weights greater than 
225g./mole and contains about 0.7 wt.% sodium. The 
heavy stream passes via line 17 to zone 21 wherein it is 
admixed with 453.6 Kg/hr (1,000 Ibs./hr.) of 22 wt.% 
aqueous sulfuric acid introduced via line 22. 

The mixture from zone 21 passes via line 23 to de- 
cantation zone 24 where the mixture is separated into 
aqueous and organic phases. An aqueous phase is sep- 
arated via line 25 as a waste product stream containing 
5.5 wt.% sodium. 

The organic phase now containing only 40 ppm so- 
dium passes at the rate of 3221 Kg/hr (7, 100 Ibs./hr.) via 
line 26 to wiped film evaporator 1 8. From evaporator 1 8, 
a vapor stream is separated at 1 75°C and 6.67 kPa (50 
m.m.Hg.) and passes therefrom at the rate of 997.9 Kg/hr 
(2,200 Ibs./hr.) via line 19. A heavies stream containing 
1 30 ppm sodium is recovered via line 20 at the rate of 
2223 Kg/hr (4,900 Ibs./hr.) and comprises an upgraded 
heavy fuel. 

The vapor mixture from wiped film evaporator 18 
mainly comprises oxygenated aryl compounds including 
1 -phenyl ethanol ether, 1 -phenyl ethanol, 1 -phenyl eth- 
anol and propylene oxide, condensation products, esters 
and the like. This mixture is combined with the MBA over- 
head from distillation column 14, and the combined 
streams from zones 1 4 and 1 8 are reacted in dehydration 
and cracking zone 16 at 200-230°C and 13.3-40.0 kPa 
(100-300 m.m.Hg.) in the presence of 50-200 ppm para 
toluene sulfonic acid catalyst. The styrene-containing re- 
action mixture is recovered via line 27 at the rate of 7665 
Kg/hr (16,900 Ibs./hr ). The composition by weight of this 
stream is about 80% styrene, 5% MBA, 11% ACP and 
4% others, and styrene is recovered therefrom by con- 
ventional means. 

Through practice of this invention, styrene produc- 
tion is increased by about 0.8% which in a world scale 
unit producing a billion pounds of styrene per year rep- 
resents $2 million added value at current styrene prices. 
Additionally, the upgraded heavy fuel is of considerably 
greater value than the high sodium material produced by 
prior procedures. 



Claims 

55 

1. A process for the co-production of propylene oxide 
and styrene monomer wherein ethylbenzene is oxi- 
dized to ethylbenzene hydroperoxide, said 
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hydroperoxide is reacted with propylene to form pro- 
pylene oxide and 1 -phenyl ethanol, unreacted pro- 
pylene, propylene oxide and 1 -phenyl ethanol are 
separately recovered by distillation leaving a heavy 
residue containing sodium and oxygen -containing 
organic materials formed in the process, and the 
1 -phenyl ethanol is dehydrated to styrene monomer, 
characterised in that the said heavy residue is 
admixed with aqueous acid, the resulting admixture 
is phase separated into an aqueous sodium-con- 
taining phase and an organic phase having a 
reduced sodium content, and at least a portion of the 
organic phase having a reduced sodium content is 
converted to styrene monomer. 

2. A process as claimed in claim 1 wherein the said 
aqueous acid is aqueous sulfuric acid. 

3. A process as claimed in claim 1 or claim 2 wherein 
said organic phase having a reduced sodium con- 
tent is subjected to wiped film evaporation, up to 40 
wt.% volatiles are separated and cracked to form 
styrene monomer. 



Patentanspruche 

1 . Verfahren zur gleichzeitigen Herstellung von Propy- 
lenoxid und monomerem Styrol, bei dem Ethylben- 
zol zu Ethyfbenzolhydroperoxid oxidiert wird, das 
Hydroperoxid mit Propylen unter Bildung von Pro- 
pylenoxid und 1-Phenylethanol zur Umsetzung 
gebracht wird, nicht umgesetztes Propylen, Propy- 
lenoxid und 1 -Phenylethanol durch Destination 
getrennt gewonnen werden, wobei ein schwerer 
Ruckstand aus bei dem Verfahren gebildeten 
natrium- und sauerstoffhaltigen organischen Mate- 
rialien zuruckbleibt und das 1 -Phenylethanol zu 
monomerem Styrol dehydriert wird, dadurch 
gekennzeichnet, da3 der schwere Ruckstand mit 
wassriger Saure vermischt wird, das erhaltene 
Gemisch einer Phasentrennung in eine wassrige, 
natriumhaltige Phase und eine organische Phase 
mit vermindertem Natriumgehalt unterworfen wird 
und mindestens ein Teil der organischen Phase, die 
einen verminderten Natriumgehalt aufweist, in 
monomeres Styrol umgewandelt wird. 

2. Verfahren nach Anspruch 1, bei dem als wassrige 
Saure wassrige Schwefelsaure verwendet wird. 

3. Verfahren nach Anspruch 1 Oder Anspruch 2, bei 
dem die organische Phase, die einen verminderten 
Natriumgehalt aufweist, mittels eines Dunnschicht- 
verdampfers mit Wischerblattern bis zu 40 Gew.-% 
fluchtige Anteile abgetrennt und unter Bildung von 
monomerem Styrol gekrackt werden. 
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Revendications 

1 . Procede pour la cop reduction d'oxyde de propylene 
et de monomere de styrene dans lequel de I'ethyl- 

5 benzene est oxyde en hydroperoxyde d'ethylben- 
zene, cet hydroperoxyde est traits avec du propy- 
lene pour former de I'oxyde de propylene et du 
1 -phenylethanol, le propylene n'ayant pas reagi, 
I'oxyde de propylene et le 1 -phenylethanol sont 
10 recuperes sepan§ment par distillation, laissant un 
residu lourd contenant des matieres organiques 
contenant de I'oxygene et du sodium formers dans 
le precede, et le 1 -phenylethanol est deshydrate en 
monomere de styrene, caracterise en ce que ce 
75 residu lourd est melange avec de Pacide aqueux, le 
melange resultant est soumis a une separation des 
phases en une phase aqueuse contenant du sodium 
et une phase organique ayant une teneur en sodium 
reduite, et au moins une portion de la phase organi- 
se que ayant une teneur en sodium reduite est conver- 
ge en monomere de styrene. 

2. Procede suivant la revendication 1 , dans lequel cet 
acide aqueux est de I'acide sulfurique aqueux. 

25 

3. Procede suivant les revendications 1 ou 2, dans 
lequel cette phase organique ayant une teneur en 
sodium r£duite est soumise a une evaporation en 
film etale, jusqu'a 40% en poids des matieres vola- 

30 tiles sont separes et craques pour former du mono- 
mere de styrene. 
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